INTRODUCTION
The epicentral region for the magnitude 7.3 (M 5 ) western Argentina (Caucete) earthquake of November 23, 1977 , and its aftershocks is restricted primarily to the eastern half of the Sierra Pie de Palo and to the eastern adjoining Valle Bermejo ( fig. 1 a region of considerable stratigraphic and structural complexity (e.g., see Allmendinger and others, 1983; INPRES, 1977; Bastias and Weidmann, 1983; Jordan and others, 1983) . The resulting velocity structure varies rapidly in both the horizontal and vertical directions; consequently, the area poses serious problems to accurate earthquake hypocentrallocations.
The following discussion presents a brief summary of the regional geology of the aftershock zone followed by a detailed description of a four-stage procedure used to construct a local velocity model for the aftershock locale. Development of individual station corrections to account for systematic travel time differences at each of the seismograph locations completed the velocity model study.
REGIONAL GEOLOGIC SETTING
The Sierra Pie de Palo is encircled by a system of broad valleys (Vaile del Bermejo to the east and Vaile de Tulum to the south and west) that form a doughnutshaped basin (elevation of 500-700 m) filled in places with several kilometers of Quaternary age sediments. The eastern neighboring mountains, Sierra de Ia Huerta and Sierra de Valle Fertil as well as the central Sierra Pie de Palo, are composed of Precambrian and lower Paleozoic metamorphic and intrusive rocks that rise to more than 3,000 m above sea level. The mountain fronts are generally bounded by northerly or north-northweststriking reverse faults that dip moderately to the east (Jordan and others, 1983; Bastias and Weidmann, 1983) but a set of crosscutting, east-northeast-trending faults and lineaments are also present (INPRES, 1977, p. 13) . West of the Sierra Pie de Palo are the Paleozoic highlands that form the Andean Precordillera Centro Occidental with elevations locally in excess of 4,000 m. Reverse faulting here is extensive along both east-and west-dipping Langer and Bollinger (1987) . Foreshock epicenter (five-pointed star) and main shock epicenter (solid six-pointed star) are from Kadinsky-Cade and others (1985) ; station locations shown by open triangles with center dot and three-letter station codes. Intermediate depth earthquake epicenters indicated by solid dots. Note that two of these deeper events are off the west side of the figure. Faults, shown by heavy solid (confirmed) or dashed (inferred) lines with hachures on down-dropped sides, and Precambrian outcrop on the Sierra Pie de Palo, shown by pattern symbols, were taken from INPRES (1977) faults that predominantly strike north-south, subparallel to the Andean front. Bastias and Wiedmann (1983) have examined and described some of the major faults both east and west of Sierra Pie de Palo and have documented evidence for Holocene movement on several of the fault scarps. Baldis and Febrer (1983) have suggested that the north-northwest-striking faults just east of the Sierra Pie de Palo and the east-northeast crosscutting faults through the Sierra Pie de Palo ( fig. 1 ) represent intersecting megafault systems that have been active from early Precambrian time to present.
DEVELOPMENT OF VELOCITY MODEL AND TRAVEL TIME CORRECTIONS
The network of eight portable and two permanent stations used to record the aftershock activity of the November 23, 1977, earthquake resulted in five stations being sited on Precambrian rocks (CFA, VIC, MAY, CHU, and SNO) and five stations on the basinal alluvium (MOO, BRR, SAM, VIL, and SAJ; e.g., see fig. 3 ). Given these very different station bedrock types, fortunately an approximate regional P-wave crustal-velocity model (V olponi, 1968) and results from 26 refraction profiles in the epicentral area were made available by Yacimientos Petroliferos Fiscales (YPF), the Argentine National Oil Company (see fig. 3 ). All but one of the YPF profiles were reversed and provided data to compute the sedimentary column and uppermost Precambrian (basement) velocities. Additionally, sonic log data from two wells that had been drilled in the northern part of the study area near 30°S., 68°W. (D. R. Toland, Cities Service Company, Houston, Tex., personal commun., 1978; fig. 3 ) agreed, generally, with the refraction velocity data in their vicinity. However, the wells were not drilled deep enough to extend our knowledge of the Precambrian velocities and, thus, only helped to confirm the velocity information within the section. Also, depth to the top of the mantle (Mohorovicic discontinuity), and the upper mantle velocity were estimated by J. C. Castano (staff seismologist, INPRES, San Juan, Argentina, personal commun., 1977) based on unpublished surface-wave studies.
To correct for the complexities in lithology and the other local geologic factors that affect seismic velocities, we state the following objectives and the analytic procedures to achieve these objectives:
• Develop an "average" layered velocity model (A VM) that is representative of the upper 10 km of crust in the Sierra Pie de Palo area.
• Estimate station corrections to account for systematic travel time differences at each station that result from the model. • Estimate "station-delay" corrections that account for systematic travel time differences at each station that result from unknown sources.
• Combine the A VM station corrections with the "station-delay" corrections to estimate the "final" station corrections.
A brief summary of what the available data include is: 25 reversed and 1 non-reversed refraction profiles, well log data from 2 wells, a regional velocity model (V olponi, 1968) , depth to the upper mantle and upper mantle velocity estimates from Castano, and aftershock data recorded at 10 stations. Our task is to apply these data in a rational and also rigorous method to achieve the above-stated goals. A step-by-step description of how the ''average velocity model'' was developed and how the station corrections were determined is given below.
( The combination of our AVM with Volponi's investigation (1968) and information from J. C. Castano leads to our final P-wave velocity model given in Sample A VM station correction calculations are given below for a basin location (MOO) and rock location (MAY). Because of adjustments in scale and projection that were necessary to composite the several large work maps used for preparation of the illustrations, corrections derived directly from the figures presented herein may not agree exactly with those described in the following text. 30o6~7-o _________________ s.a_o __________________ ago times recorded at the rock sites ( fig. 9 ). The result of both the PIS velocity ratio search and the Wadati plot was the selection of a value of 1. 70. d. To arrive at the final station delay corrections, Td, relocate the 20-event subset of aftershocks using the 1. 70 PIS velocity ratio and average the travel time residuals at each of the 10 stations. Argentina earthquake of November 23, 1977 (Langer and Bollinger, 1987) . The average HYP071 error measures for the aftershock hypocentral calculations were: RMS=0.12 sec; ERH=0.7 km; ERZ= 1.3 km. We do not have a way to check for the presence of any systematic biases, but the use of high-quality S-wave data from CF A and SAJ eliminates the possibility of gross mislocations. Additionally, the depth distribution of the hypocenters (near surface to 30+ km; 110-135 km) given by Langer and Bollinger is the same as that derived from special seismicity studies of the region (Barazangi and !sacks, 1976) . A full listing of the aftershock locational and error parameters is given in the appendix.
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Standard errors--the indices of precision relating to the values and distribution of the unknown errors in the hypocentral solution where DLAT=error in latitude, DLON=error in longitude, and DZ=error in depth. 5 QF--a measure that is intended to indicate the general reliability of the hypocentral solution where A = excellent epicenter, good focal depth; B=good epicenter, fair focal depth; C=fair epicenter, poor focal depth; D=poor epicenter, poor focal depth. 6 MD--Local magnitude estimate of aftershock (Lee and others, 1972) .
